Abstract. expression of c-met, an oncogene encoding the receptor for the hepatocyte growth factor, was found to be associated with the progression of various types of human carcinomas including squamous cell carcinoma of the head and neck. this study was performed to analyze the prognostic role of c-met in oral squamous cell carcinoma (OScc) by detecting its expression in relation to clinicopathological features. two hundred and eleven patients with OScc were analyzed for c-met expression by immunohistochemistry. Specimens with ≥50% of cancer cells showing staining for c-met were considered c-met-positive. a pairwise multiple-comparison procedure (Fisher's exact test) and survival analyses using the Kaplan-meier method were used to analyze the data. One hundred and seventy-five patients (82.9%) showed positivity for c-Met, while 36 patients (17.1%) showed no immunopositivity. in contrast to published studies, there was no statistically significant correlation between c-met expression and tumor size, lymph node status, distant metastasis or survival rates. However, a statistically significant negative correlation between c-met expression and tumor stage was apparent (p=0.022). Hence, this study did not confirm the role of c-met as a prognostic marker in patients with OScc.
Introduction
Oral squamous cell carcinoma (OScc) is the most common epithelial oral cancer and is characterized by a high infiltrative potential, which can result in early regional lymph node involvement and subsequent metastatic spread. despite advances in multidisciplinary treatment modalities, including chemotherapy and/or radiotherapy, no improvement in the 5-year survival rate has been achieved over the past 20 years (1) . In addition, the clinical behavior of OSCC is difficult to predict, considering classical histopathological parameters only.
thus, understanding the molecular mechanisms of local invasion has become an important goal in the field of head and neck surgery. Several reports have indicated that local interactions between cancer cells and stromal cells are important for the process of invasion and metastasis, including cellular detachment, proteolytic degradation of the basal lamina, migration through the extracellular matrix and resistance of apoptosis (2) . a proto-oncogene which has been suggested to be associated with OSCC progression is c-Met (3). c-Met encodes the receptor for hepatocyte growth factor (hGF). this receptor is a 190-kda receptor-like tyrosine kinase, comprised of disulfide-linked subunits 50 (α) and 145 kDa (β) (4) . in the fully processed c-met product, the α-subunit is completely extracellular and the β-subunit has an extracellular ligand-binding domain, a single transmembrane domain and a cytoplasmic tyrosine kinase domain (4) . c-met is found in hepatocytes, fibrocytes, keratinocytes and melanocytes and also in the kidney, lung, spleen, hematopoietic cells and ovaries (4) . c-met is activated by hGF, a 100-kda heparinbinding polypeptide, which is predominantly expressed by mesenchymal cells (5) . HGF is structurally related to the family of serine proteases including plasminogen, prothrombin, urokinase and tissue plasminogen activator (6) .
the hGF/c-met interaction can promote cell proliferation, motility, invasiveness, morphogenesis and angiogenesis in various cell types, including different tumor cells (6, 7) . in several clinical studies, high expression of hGF and c-met has been shown in various types of human carcinomas including thyroid, pancreas, prostate and head and neck cancers (8) , and its expression has been associated with poor prognosis in nasopharyngeal, esophageal, cervical and breast carcinoma (9) . Furthermore, the expression of c-met in head and neck squamous cell carcinoma (hnScc), the clinicopathological parameters and the survival of hnScc patients have been analyzed in various studies (3, 10, 11) , showing inconsistent results in terms of the prognostic value of c-met expression in hnScc. therefore, the aim of the present study was to investigate the expression of c-met in 211 patients with OScc using immunohistochemistry and to analyze its expression in relation to clinicopathological parameters, in order to verify its role in the prognostic evaluation of these tumors.
Materials and methods

Specimens for immunohistochemistry.
For immunohistochemical evaluation, the routinely processed paraffin blocks of formalin-fixed OSCC specimens were obtained from 53 female and 158 male patients who underwent surgery at the department of Oral and maxillofacial Surgery of the university hospital tuebingen, Germany, between 1988 and 1997. the specimens were retrieved retrospectively from the pathology archives. the criteria for inclusion in this study included a histopathological diagnosis of OScc, no preoperative therapy, potentially curative radical resection, follow-up data available and satisfactory tissue preservation.
The mean age of included patients was 58±SD years (range, 34-93 years). The follow-up period for surviving patients ranged from 1 to 172 months, with a median of 42 months. primary tumor sites were as follows: maxilla, including soft and hard palate, Immunohistochemical staining procedure. Sections (4-µm thick) of paraffin and formaldehyde-fixed tissue of the resection specimens were cut. For immunohistochemical staining, sections were deparaffinized and rehydrated via serial passage through xylene and a graded series of ethanol. to block endogenous peroxidase activity slices were treated with 0.3% H 2 O 2 for 10 min. all specimens were subjected to heatinduced antigen retrieval in target retrieval Solution (dako Diagnostics, Hamburg, Germany) for 30 min at 95-99˚C and then incubated with 10% normal goat serum to block nonspecific binding. Sections were incubated with the primary c-met antibody (Santa cruz Biotechnology, Santa cruz, CA, USA) at a final dilution of 1:50 at 4˚C overnight. After several washing steps, sections were incubated with biotinylated secondary antibody and streptavidin peroxidase (hrp) (both from dako diagnostics). diaminobenzidine chromogen (dako diagnostics) was used for visualization. nuclei were counterstained with hematoxylin.
Quantitation of immunostaining results. all sections were immunostained under the same conditions in order to reduce the variability. immunostaining was visualized using a leica ctr mic microscope and recorded with a high-resolution DC300 Leica digital camera (Leica Microsystems, Wetzlar, Germany). Five fields (under a x40 objective) from each OScc section were randomly selected for assessment. after conversion to grayscale images (gray values from 0-255), the c-Met-positive cells were quantified as the percentage of the total cells in five representative view areas using the Leica QWin image analysis and image processing software (Leica microsystems).
Statistical analysis. Statistical analysis was performed using the Fisher's exact test. A p-value <0.05 was indicative of a significant difference. Survival analysis was performed using the the Kaplan-Meier method, and statistical significance was calculated using the log-rank test.
Results
immunohistochemical staining was performed against c-Met, and the tumor was defined as negative when antigen expression was demonstrated in <50% of the carcinoma cells and as positive when demonstrated in ≥50%, as suggested elsewhere (13) . Of the 211 samples, a positive result of immunohistochemical staining against c-Met was observed in 175 (82.9%), while 36 (17.1%) showed no positive result. c-Met expression was not observed in stromal cells, being mainly observed in carcinoma cells. in most of the specimens, c-met was expressed strongly and diffusely in the cytoplasm of carcinoma cells (Fig. 1) . the relation between c-met expression and clinical and histopathological parameters is summarized Table I . The rate of positive c-Met expression was 83.7% in patients with tumors ≤4 cm in diameter (stages T 1 and t 2 ) and 81.6% in tumors >4 cm in diameter (stages T 3 and t 4 ), with no statistically significant difference (p=0.706). Positive c-met expression seemed to be increased in cases of lymph node metastasis (87.7%); however, there was no significant difference compared to those without lymph node metastasis (80.8%) (p=0.242). Where there was no distant metastasis, positive c-Met expression was observed in 82.8% of the cases, while c-Met expression was positive in 50% of the cases with distant metastasis, without any statistical significance (p=0.321). Positive c-Met expression decreased in stage III and IV carcinomas (78.4%) compared to stage I and II carcinomas (90.9%) in a statistically significant manner (p=0.022). Survival analysis was performed using the Kaplan-meier method, and statistical significance was calculated using the log-rank test (Fig. 2) . There was no significant correlation between the groups with negative and positive c-met expression (p=0.8244).
Discussion
in several studies, high expression of hGF and c-met has been demonstrated in various types of human carcinomas including thyroid, pancreas, prostate and head and neck cancer (8) . in particular, studies analyzing c-met expression in relation to clinical and histopathological parameters in OScc patients have arrived at controversial results. thus, to date, a definitive conclusion regarding the prognostic value of c-met expression in OScc has not been made. therefore, we investigated c-met expression in a large number, 211 cases, of OScc to verify its possible role as a prognostic marker. A positive c-Met expression, or more than 50% of the tumor cells showing c-Met staining, was noted in 175 specimens (82.9%). This result suggests that in most cases of OSCC, c-met protein is produced. in addition, Kim et al (14) , also using immunohistochemical staining, showed that 28 of 40 cases (70%) of hypopharyngeal cancer expressed c-Met, and Sawatsubashi et al (15) demonstrated that 45 of 82 cases (54.9%) of glottic cancer expressed c-Met. Furthermore, c-Met expression was detected in corresponding affected lymph nodes (15) (16) (17) . In 40 cases of hypopharyngeal squamous cell carcinoma no significant correlation between c-Met expression and tumor size, rate of distant metastasis or survival rate was apparent (14) . However, there was a significant increase in c-met expression in tumors with lymph node metastasis. Sawatsubashi et al (15) reported no significant correlation between c-met expression and age, gender, histological type, tumor size or distant metastasis in 82 cases of primary laryngeal carcinoma, but 10 of 12 cases (83.3%) with lymph node metastasis showed a significant increase in c-Met expression. lo muzio et al (3) investigated c-Met expression in 84 patients with OScc, but no statistical association between c-met expression and histological grading, lymph node status and staging was found, except there was a significant better survival rate in the group with low c-met expression than in the group with high c-met expression. in the present study, using a large sample size of 211 specimens, no significant difference in c-met expression in stage t 1 and t 2 tumors in comparison to stage t 3 and t 4 was found. in addition, no significant difference in c-Met expression in cases of lymph node metastasis compared to those without lymph node metastasis could be shown. Furthermore, no statistically significant correlation between the expression of c-Met and survival rate was apparent. notably, there was a negative significant correlation between clinical tumor stage and c-Met expression.
there are different possible explanations for these inconsistent results. First of all, in most studies, only small numbers of specimens were used to investigate c-met expression in hnScc. Kim et al used 40 specimens of hypopharyngeal squamous cell carcinoma (14) , lo muzio et al used 84 specimens of OSCC (3) Survival analysis was performed comparing positive (c-met expression ≥50%) and negative (c-Met expression <50%) subgroups according to the Kaplan-Meier method, and statistical significance was calculated using the log-rank test. There was no significant difference between both subgroups (p=0.8244).
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staining was used, various standards were used to determine a 'positive' result. In one study, expression in >10% of cancer cells was considered positive (19) , where in other studies c-Met expression in >30% of cancer cells was deemed a positive result (3, 14) . Consequently, we defined a positive result only when expression of c-Met was detected in ≥50% of the cancer cells. Otherwise, human visual assessment of immunohistochemical staining results is difficult and subjective, as the counting results may be varied for each observer and between different observers. the results of quantitative counting and semi-quantitative counting may also be affected by the experience and other psychological factors of the pathologists. to exclude these factors, we objectively quantified the staining result using the Leica QWin image analysis and image processing software. however, the important role of the hGF/c-met receptor tyrosine kinase system in the invasive behavior of hnScc is undisputable, as shown by means of invasion assays in vitro (20, 21) . Furthermore, a relationship between the concentration of hGF in serum or in cancer tissue and the progression of disease has been noted in patients with gastric, breast and lung cancer (22) . uchida et al (10) reported that fibroblasts of the oral cavity secrete various growth factors, including hGF, which promote the invasion and metastasis of oral cancer cells. In addition, significantly higher HGF serum levels were detected in patients with OScc when compared with those in healthy volunteers. Furthermore, after initial treatment, all of the tumor-free survivors exhibited a decrease in the serum hGF levels. the exact mechanism of the interaction between hGF and c-met has not been fully understood. Various cytokines including interleukin-1 and -6, tumor necrosis factor-α, which are produced in the microenvironment of the tumor as a result of the nonspecific inflammatory response, appear to increase c-Met expression (23) . Furthermore, c-Met expression was shown to be upregulated by hGF itself, as demonstrated in vitro by Boccaccio et al (24) . in summary, the immunohistochemical staining of oral squamous cell cancer tissue of 211 patients revealed high expression of c-met. however, the level of c-met expression showed no significant correlation in relation to tumor size, lymph node status, rate of distant metastasis or survival rate. Moreover, c-Met showed a significant negative correlation to the clinical stage of the tumor. even though the hGF/c-met system appears to play an important role in the invasive behavior of OScc, this study did not verify the role of c-met as a prognostic marker in patients with OScc.
